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Abstract
The objectives of this study were to investigate the effects of different speedometer features, especially dynamic speedometer 
using fisheye view for speed readout on driver’s current speed-reading performance and preference. Two experiments were 
conducted. In the first experiment, shape of speedometer (full-circle and half-circle), resolution of speed readout (5s and 10s 
mph), and font size layout (fixed, stepped, and gradually increasing) were manipulated using static prototypes. Twenty 
participants’ response time and answer duration for reading current speed were collected as performance measures, along with 
subjective preferences. Based on findings in the first experiment, Java-based speedometer prototypes were developed and 
integrated with a driving simulator for the second experiment. Eight different speedometer features consisted of shapes of 
speedometer (half-circle and full-circle), resolutions of speed readout (10s and 20s mph), and dynamics of font size layout (static 
[fixed]and dynamic font size changes [fisheye view])were manipulated in the interactive speedometer prototypes. Sixteen 
participants’ response time, answer duration, eye dwell time on speedometer, and subjective preferences were collected for the 
measurement. The results demonstrated similar utility of both speedometer shapes (full and half circle), optimal level of speed 
readout resolution, and potential utility of dynamic speedometer feature. The results of the study may provide a basis for future 
speedometer design in a flexible/configurable instrument cluster to improve driving performance and safety.
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1. Introduction
Vehicle speed is involved in about one of three fatal vehicle crashes. According to National Highways Traffic 
Safety Administration (NHTSA) report [1], there were 32,367 fatalities on American Roadways, of which 9.944 
were speeding related, in 2011. NHTSA defines a crash as speeding-related if the driver was charged with a 
speeding-related offence or if an officer indicated that racing, driving too fast for conditions or exceeding the posted 
speed limit contributed to the crash. Although, much of the public concern about speeding has been focused on high-
speed interstates, NHTSA data shows that more than 45 % of speed-related fatalities occurred on roads posted at 
50mph or less, and more than 20 % occurred on roads posted at 35 mph or less. Statistics show that in most of the 
fatal accidents that occurred due to speeding, the vehicle was driven by a young male driver. Between the ages of 15 
to 24 years, 37% of male drivers were involved in fatal crash due to speeding. In 2012, 88% of speeding related 
fatalities occurred on roads that were not interstate highways. 
With this in mind, there would be two general approaches to address the driving safety related to speed. One is 
social or educational approach for drivers to keep the designated speed limits and another is to design more effective 
vehicle instrument display (e.g., speedometer) for drivers to read current speed more quickly and accurately, in 
terms of human factors. The driver’s behaviour in reading current speed in the speedometer is regarded as a 
distraction from primary driving behaviour due to eye-off from road view through windshield to instrument cluster. 
That is, it is required to design a speedometer that helps a human driver perceive the information effectively.Related 
to this, historically, there have been substantial research efforts in orderto generate design guideline ofconventional 
speedometer in terms of human factors. For example, Boreczky, Green, Bos, and Kerst [2] demonstrated 
comprehensive guidelines of effective size, location, contrast, illumination, and color on legibility of speedometer.  
However, many vehicle manufacturers started implementingLCD screens for instrument cluster including 
speedometer and other gauges. That is, the speedometer features can be flexible based on current status of vehicle in 
real time and it is expected to present information to drivers more effectively, compared to conventional fixed 
speedometer features. As an example, Kumar and Kim [3] designed and evaluated a concept of speedometer 
showing current speed limit for different road conditions with different colors in frame of the speedometer (it was 
named “dynamic speedometer” in the article). This shows there might be many opportunities to manipulate various 
features to design more effective flexible speedometer. 
The primary objective of the present study was to investigate the effect of different features of speedometer (e.g., 
general shape, readout resolution, and variation of font size), which could be flexible in LCD screen. Especially, a 
conceptual design of dynamic speedometer (not same to Kumar and Kim [3] study) was designed and evaluated by 
measuring speed reading performance using a driving simulator. The dynamic speedometer in this study was 
designed to display increased font size for current speed among speed readouts, which is similar to concept of 
fisheye view. In order to achieve the objective, two sequential experiments were conducted. The first experiment 
was to understand general speed reading performance and preferences for different speedometer shapes, resolutions 
of speed readout, and size layouts of speed readout, using static prototypes of speedometer. The second experiment 
was conducted to confirm the results of the first experiment as well as to evaluate the dynamic speedometer using 
interactive prototypes integrated with a driving simulator.
2. Experiment I
The first experiment was to understand general speed reading performance for different speedometer shapes, 
resolutions of speed readout, and font size layout of speed readout, using static prototypes of speedometer
2.1. Methods
Twelve different speedometer features were designed for the experiment. The 12 features were combinations of 3 
different feature factors consisted of: 1) two different shapes of speedometer (Full circle and Half circle); 2) two 
speed readout resolutions (every 5 mph and 10mph); and 3) three font size layouts of speed readout, including same 
font size of all speed readout on the speedometer, stepped style (two different font sizes are alternating), and 
gradually increasing. Fig. 1 shows samples of the speedometer prototype.
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Fig.1. Samples of speedometer prototype: (a) Full circle, every 5 mph, and fixed layout; (b) Half circle, every 10 mph, and stepped; (c) Half 
circle, every 5mph, and gradually increasing.
The speedometer prototype was presented to the participant in the experiment using a LCD display as a static 
prototype. That is, the prototype was not integrated with driving environment but displayed to participant with a 
random order with a fixed speed needle pointing current speed which was also randomized across the 12 features 
and participants.
Twenty (20) participants were recruited for the experiment, consisting of 10 male and 10 female drivers. Due to 
the nature of advanced speedometer feature, young drivers (age ranged from 18 to 30 years old) having more than 2 
years of driving experience been considered to participate. Mean of participants age were 23.9 (SD=2.2) and 22.4 
(SD=1.9) years old for male and female participants, respectively. 
In the experiment, a single speedometer feature with a random current speed was presented to participant with a 
random order and it was repeated twice. Therefore, 24 speedometer features were presented to each participant. 
Once each speedometer was displayed after a blank screen, the participant was asked to read the current speed as 
quick and accurate as possible. Then the participants’ reading performance was recorded using a video analysis, 
captured during the experiment session. The reading performance measures included: response time which is time 
taken by the participant from when each speedometer was shown to when the participants started articulating the 
answer. This time may imply time for the driver to perceive the information on display; and answer duration which 
is time taken during the participants was articulating the answer. This may indicate the participant’s cognition time 
and confidence level about the information that he/she has perceived.
2.2. Results
2.2.1. Response time
ANOVA (Analysis of Variance) revealed the main effects of speedometer shape (F(1, 446) =16.55, p<0.001) and 
speed readout resolution (F(1, 446)=11.99, p=0.001) to be significant to response time in perceiving information on 
the speedometer, among the independent variables including gender, speedometer shape, readout resolution, and 
font size layout. The Full-circle shaped speedometers (M=831.3msec) yielded lower response times than Half-circle 
shaped speedometers (M=896.0 msec) and readout resolution of 10 mph between the speeds (M=835.5 msec) was 
faster in response times than that of the resolution of 5 mph between the speeds (M= 891.7 msec). Two-way 
interaction effect of speedometer shape and readout resolution was also significant (F(1, 446)=7.34, p=0.007) (see Fig. 
2). The post-hoc analysis revealed that the response time for different speedometer shape were not significantly 
different for readout resolution of 10 mph while it was significant for readout resolution of 5 mph.
2.2.2. Answer duration
ANOVA revealed that the main effects of readout resolution (F(1, 446 )=31.75, p<0.001) and font size layout (F(2, 
446)=3.24, p =0.040 ) were significant to answer duration.Speedometers with resolutions of 10’s between speeds 
(M=403.4 msec) were associated with shorter answer durations than the speedometers with 5’s resolutions between 
speeds (M=478.6 msec). The post-hoc analysis on font size layout showed gradually increasing font size layout 
(M=420.1 msec) had shortest answer duration than stepped font size layout (M=446.4 msec) and fixed font size 
layout (M=456.5 msec)(see Fig.3).Any significant interaction effects were not found.
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Fig. 2.Interaction plot for Response time.
Fig. 3. Answer Duration by Speed Readout Resolution and Font Size Layout.
Fig. 4. Subjective Preferences for speedometer features.
2.2.3. Subjective preference
Subjective preferences and ratings were collected for each subject after completion of all test trials. Fig. 4 shows 
the percentage of preferences for the three factors of speedometer feature in the study. It was observed that an equal 
number of participants preferred the full circle and half circle shaped speedometers. The number of participants who 
preferred 10’s resolutions between speeds (75%) was higher than the number of subjects who preferred 5’s 
resolutions between speeds (25%). The number of subjects who preferred the stepped font size layout (50%) was 
higher than those who preferred fixed font size layout (40%) and increasing font size layout (10%). 
2.3. Discussion
From the results, it was found thatdrivers might have shorter time in perceiving information (response time) when 
using the full-circle shaped speed meter than half-circle shaped speedometer while the subjective preferences 
between two shapes were same. Regarding the speed readout resolution, both objective (response time and answer 
duration) and subjective ratings indicated 10 mph resolution is superior to 5 mph resolution. This might be 
attributable that 5 mph resolution feature caused a clutter effect, which means higher information density in the 
display, even though the text size were identical between two resolution conditions. There was contradictory result 
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between objective and subjective measures for font size layout. That is, while gradually increase font size layout 
was associated shorter answer duration than fixed and stepped layouts in terms of objective measure, subjective 
preference showed the gradually increasing font size layout was less preferred than others. However, gender 
differences were not significant for any reading performance. 
Since the experiment was conducted using static speedometer feature, it was needed to confirm the results using 
more realistic driving environment. Therefore, the results of experiment served the basis for another
experimentusing an interactive speedometer prototype and driving simulator. 
3. Experiment II
The second experiment was conducted to confirm the result of first experiment as well as to evaluate a more 
advanced speedometer feature, which could be feasible in futuristic instrument clusters using LCD. This included: 
1) since there were incompatible results between objective and subjective measures for speedometer shape, the two 
shapes (Full vs. Half circle) were assessed again; 2) as mentioned, less dense speed readout resolution (10 mph) was 
confirmed to be more appropriate than the resolution with higher density (5 mph). Based on this, more relaxed 
resolution (20 mph) was compared to 10 mph indications between speed readouts; and 3) the findings on font size 
layout feature in the first experiment supported a hypothesis that different size of speed readout would be effective 
compared to fixed size. On this basis, a concept of dynamic speedometer was developed, which shows current speed 
with increased font size, similar to concept of fisheye view.
3.1. Methods
A Java-based speedometer prototype was developed for eight (8) different speedometers with 3 feature factors, 
consisted of two shapes of speedometer (Full circle and Half circle), two speed readout resolutions (every 10 mph 
and 20 mph), and dynamics of font size (dynamic and static (conventional fixed font size)).Fig. 5 shows samples of 
the speedometer features developed using the Java.
The experiment setup included a workstation to run a commercial driving simulator (SimuRide) and the Java-
based speedometer prototype. The driving simulator was integrated with a commercial steering wheel and gas/brake 
pedals (Logitech G27) and driving scene was displayed on a 27inch LCD monitor. The Java based interactive 
prototype was also integrated with the driving simulator. That is, current speed on the driving simulation software 
was reflected to the prototype program to show current speed in speedometer in real time. The speedometer 
prototype was displayed on an 8 inch LCD monitor that was located at the bottom of driving scene in order to mimic 
realistic driving environment as closely as possible. Fig. 6 shows the driving simulator setup for the second 
experiment.
Fig.5. Samples of speedometer prototype: (a) Full circle, every 10 mph, and dynamic font size; (b) Half circle, every 20 mph, and dynamic font 
size; (c) Half circle, every 10mph, and static font size.
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Fig.6.Driving simulator setup.
Sixteen (16) participants were recruited for the experiment, consisted of 8 male and 8 female drivers. With same 
reason to the first study, young drivers (age ranged from 18 to 30 years old) having more than 2 years of driving 
experience were recruited. Mean of participants age were 24.3 (SD=1.5) and 23.4 (SD=0.7) years old for male and 
female drivers, respectively. All experimental procedure including participant recruitment was performed after 
obtaining IRB (Institute Review Board) approval from University of Michigan-Dearborn.
Before each participant began with the test trials, he/she was asked to become familiar with the driving simulator 
through practice. Once the participant was comfortable with the simulator including driving road, eight test trials 
were completed with different speedometer prototypes with a random order. In each test trial, the participant was 
asked to driving a simulated freeway with a speed limit of 65 mph as safe as possible. During the simulate driving 
trial, an experimenter asked the participant to read current speed at a random time. In each trial, two speed reading 
tasks were asked.
As described, the independent variables for the experiment were 3 different speedometer features (shape, speed 
readout resolution, and font size dynamics). Therefore it was a within-subjects experiment with a 23 factorial design. 
In addition to this, the effect of driver’s gender was assessed. The performance measures, as dependent variables 
were response time and answer duration in reading current speed in the speedometer, like the first experiment. 
However, participant’s eye attention dwell time on the speedometer for each speed reading task was also recorded, 
rather than seeing driving scene through the simulated windshield. This may indicate the physical time taken by the 
driver to acquire the information displayed on the screen as well as driver’s level of distraction during driving. Like 
the first experiment, subjective preferences on speedometer features were also collected after completion of all eight 
test trials.
3.2. Results
3.2.1. Response time
ANOVA revealed the main effects of gender (F(1, 234) = 10.99, p=0.001) and speed readout resolution (F(1,
234)=4.92, p=0.028) to be significant as well as font size dynamics (F(1, 234)=3.35, p=0.068) to be marginally 
significant. The main effect of speedometer shape and other interaction effects were not significant. As shown in 
Fig. 7, male drivers (M=616.3 msec), 10 mph resolution (M=619.4 msec), and dynamic font size (M=630.9 msec) 
conditions yielded shorter response time than female driver (M=719.1 msec), 20mph resolution (M=716.1 msec), 
and static font size layout (M=05.0 msec), respectively.
3.2.2. Answer duration
ANOVA results also revealed significant main effects of gender (F(1,234)= 26.24,  p<0.001) and speed readout 
resolution (F(1,234) =8.24, p=0.004) as well as interaction effect of gender and resolution (F(1, 234)=8.91, p=0.003) on 
answer duration. Male subjects (M= 448.6 msec) had shorter answer durations as compared to female subjects 
(M=698.5 msec). Speed readout with 10 mph resolutions between speeds (M= 483.1 msec) had shorter answer 
durations compared to speedometers with 20 mph resolutions between speeds (M=665.1 msec). However, the 
gender differences were expended for 20 mph resolution while it was not significant on 10 mph resolution (see Fig. 
8(a)).
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Fig. 7.Significant main effects on response time.
3.2.3. Attention dwell time
ANOVA revealed that gender (F(1, 251)= 17.83, p<0.001) and speed readout resolution (F(1, 251)=7.18, p=0.008) are 
significant main effects on attention dwell time. As shown in Fig. 8(b), male drivers (M=864.0 msec) spent less time 
for focusing on speedometer than female drivers (M=1181.2 msec). Speedometers with 10 mph resolutions between 
readouts (M=911.2 msec) yielded less dwell times than 20 mph resolutions (M=1135.5 msec).
3.2.4. Subjective preference
As shown in Fig. 9, it was observed that the number of subjects preferring semi-circular shaped speedometers 
(81.25%) was higher than the number of subjects preferring the circular shaped speedometers (18.75%). An equal 
number of subjects preferred speedometers with 10’s and 20’s resolutions between speeds. It was also observed that 
a higher number of subjects preferred the dynamic speedometer (87.5%) to the non-dynamic or static speedometer 
(12.5%).
Fig. 8.(a) Interaction plot for answer duration; (b) Attention dwell time by Gender and Speed Readout Resolution.
Fig. 9.Subjective Preferences for speedometer features.
a b
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3.3. Discussion
From the results of study 2, it was confirmed that, in general, response times, answer durations and dwell times 
were longer in female drivers than male. While the gender effect was not significant for reading performance using 
static prototype in the first experiment, the results in the second study might be attributable to use of driving 
simulator and interactive prototype with that young male participants might be more familiar, due to experience 
from actual driving or video games. 
The shape of the speedometer did not affect drivers’ speed reading performance measures for this study, while 
the ratings of subjective preferences was higher for the half circle shaped speedometer than the circle shaped. 
Therefore, either speedometer shape can be used with similar level of reading performance associated with driving 
safety. However, a half-shaped speedometer may provide drivers with more pleasing experience. 
It was also observed that the speed readout resolution with 10 mph speeds was associated with better reading 
performance than 20 mph resolution for all measures. When considering results of the first experiment, this may 
confirm that the speed readout resolution should not be too high (5 mph) nor too low (20 mph), in terms of efficient 
current speed reading performance affected by information density in display. 
Regarding the use of dynamic font size changes in speed readout, dynamic speedometers resulted in shorter 
response times than conventional fixed speedometer font size.Subjective preference ratings are inline with the 
results. This may imply that drivers could effectively perceive current speed in speedometer when using the
dynamic speedometer feature with higher emotional satisfaction. 
4. Conclusion
In this study, three features of speedometer design were evaluated through two experiments. Especially, the 
concept of dynamic speedometer using a fisheye view to show increased font size of current speed was developed 
and evaluated. The results demonstrated, in general, similar utility of both speedometer shapes (full and half circle), 
optimal level of speed readout resolution, and potential utility of dynamic speedometer features. 
The study has several limitations to generalize the results and to be addressed in future studies. First, the fidelity 
of driving simulation and equipment used in the study were still low so that more elaborated performance 
measurements were limited. Therefore, it is required to conduct study under more realistic driving environment 
including simulator and speedometer prototypes, whilemeasuring various driver performance, such as driving 
performance (lane/speed keeping and variations), numbers/types of errors in driving or reading, accurate eye 
attention profile to indicate driver’s eye distraction, and other physiological measures, when using the speedometer 
during driving. Second, the sample of drivers was limited. Even though the statistical power in the results of study 
were acceptable (note: detailed power analysis results were not presented in this paper due to page limit), various 
driver characteristics such as age and background (e.g., potential driver stereotypes) were not investigated. 
Therefore, it would be interesting to evaluate the effects of driver characteristics on the performances for various 
types of flexible speedometer design, related to driving safety.
Based on this study, it is expected to conduct more research to generate insights and guidelines for designing 
future speedometer in a flexible/configurable instrument cluster to improve driving performance and safety.
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